Left bundle branch block was present in four patients at rest and in one during exercise. Mean (SD) (range) concentration of ET-1 (pglml) was higher in patients than in controls (3.84 (1.25) (1.97-7.42) v 2*88 (0.71) (1.57-4.48) P < 0.0001). In patients with "high" (> control mean (one SD)) ET-1 concentrations (n = 23), the time to onset of chest pain during exercise was significantly shorter (6.21 (3.9) v 9 03 (3.9) min; p = 0.01) than in patients with "low" ET-1 concentrations. Of the five patients with left bundle branch block, four had plasma ET-1 concentration > 4 0 pg/ml. Conclusion-Plasma endothelin is raised in patients with angina and normal coronary arteriograms and is consistent with the demonstration of endothelial dysfunction in such patients. The association between "high" plasma ET-1 and an earlier onset of chest pain during exercise suggests that endothelin may also have a role in the genesis of chest pain in patients with normal coronary arteries. (Br HeartJ7 1995;74:620-624) 
Abstract
Background-Some patients with angina pectoris and normal coronary arteriograms have reduced coronary flow reserve and abnormal endothelium dependent vasodilator responses. Endothelin-1 (ET-1), a potent vasoconstrictor, is an important modulator of microvascular function and may also have algogenic properties. Method-Plasma ET-1 was measured in peripheral venous blood in 40 patients (30 women) (mean (SD) age 56 (8) years) with angina and normal coronary arteriograms and 21 normal controls (17 women) (mean (SD) age 53 (7) years). Patients with systemic hypertension, left ventricular hypertrophy, or coronary spasm were excluded. Plasma ET-1 was measured using radioimmunoassay. Results-Thirty five patients had > 1 mm ST segment depression during exercise. Left bundle branch block was present in four patients at rest and in one during exercise. Mean (SD) (range) concentration of ET-1 (pglml) was higher in patients than in controls (3.84 (1.25) (1.97-7.42) v 2*88 (0.71) (1.57-4.48) P < 0.0001). In patients with "high" (> control mean (one SD)) ET-1 concentrations (n = 23), the time to onset of chest pain during exercise was significantly shorter (6.21 (3.9 ) v 9 03 (3.9) min; p = 0.01) than in patients with "low" ET-1 concentrations. Of the five patients with left bundle branch block, four had plasma ET-1 concentration > 4 0 pg/ml. Conclusion-Plasma endothelin is raised in patients with angina and normal coronary arteriograms and is consistent with the demonstration of endothelial dysfunction in such patients. The association between "high" plasma ET-1 and an earlier onset of chest pain during exercise suggests that endothelin may also have a role in the genesis of chest pain in patients with normal coronary arteries. (46 47) g). No patient had a history of Prinzmetal's variant angina and coronary spasm was excluded in all patients using hyperventilation or ergometrine provocation tests, or both. None of the patients had a history of prior myocardial infarction. Six (three men and three women) were current smokers.
It was not a primary aim of this study to investigate the relation between female hormones and the concentration of plasma endothelin. However, oestrogen status was assessed in all female patients during routine clinical evaluation (mean (SD) oestradiol 168-3 (141 8) pmol/l).
Four patients had T wave flattening or inversion and three had ST segment depression (< 0-1 mV) on the baseline resting ECG. Oesophageal abnormalities were excluded in all patients using manometry, acid provocation tests, and ambulatory pH studies.
All patients underwent symptom limited treadmill exercise testing (supervised by the same observers both blinded to the plasma endothelin concentration) using the modified Bruce protocol. Calcium antagonists, fl-blockers, and oral nitrates were discontinued for at least 5 half-lives before evaluation. Patients were allowed to continue with sublingual glyceryl trinitrate as required but no patient received nitrates in the 3 h before exercise testing. All Plasma ET-1 was estimated using a radioimmunoassay (Nichols Institute, Diagnostics, Wychen, The Netherlands). Two ml plasma were acidified with 3 ml 4% acetic acid in a polystyrene tube mixed by vortex. Extraction was performed by gravity, decanting the acidified sample through a Seppak C-18 cartridge, pretreated with 5 ml 100% methanol, 5 ml distilled water, and 5 ml 4% acetic acid. After application of the plasma the cartridge was washed with 3 ml 25% ethanol in distilled water. Endothelin was eluted from the cartridge with 2 ml 4% acetic v/v in 86% ethanol into 16 100 mm borosilicate glass tubes. The eluates were dried and reconstituted in 500 ,ul radioimmunoassay buffer.
The sensitivity of the assay was 2 pg/ml, with 100% cross reactivity with ET-1, 52% with endothelin-2, 96% for endothelin-3 and 7% for big endothelin. Cross reactivity with atrial natriuretic peptide, angiotensin II, adrenocorticostrophic hormone, and vasopressin was < 0 1%.
Statistical Analysis
All results are reported as mean (one SD). Statistical analysis was performed using the unpaired Student's t test. A P value of < 0 05 was considered to be significant.
Results
The mean (SD) (range) concentration of plasma ET-1 in patients with angina and normal coronary arteriograms was 3-84 (1 25) (1P97-7-42) pg/ml compared with 2-88 (0-71) (1-57-4.48) pg/ml in controls (P < 0-0001). Of the five patients with left bundle branch block, four had a plasma endothelin concentration > 4 0 pg/ml (mean (SD) 4-43 . When patients with left bundle branch block were excluded the mean (SD) plasma endothelin concentration in the patient group was 3-75 (1-25) pg/ml (P < 0-001) (fig 1) .
There was no was no correlation between ET-1 concentration and age in either patients or controls. The mean (SD) (range) concentration of plasma cholesterol was 6-2 (1.0) (4 4-8-6) mmol/I in patients and 6-8 (1 1) (4 5-8*9) mmol/l in controls. There was no correlation between the concentrations of total plasma cholesterol and ET-1 in either the patient or control group, nor between those of oestrogen and plasma endothelin.
Exercise electrocardiography
The table gives the results of exercise testing. Using the mean (SD) plasma endothelin concentration in the control group as an arbitrary cut off, patients with a "high" (> 3-59 pg/ml) plasma endothelin concentration developed chest pain earlier during exercise than those Results of symptom limited exercise testing in patients with "high" (> 3-59 pglmi) and "low" ( 3-59 pglmi) concentrations ofplasma endothelin-1 (ET-I) RPP, heart rate blood pressure product; METS, metabolic equivalent of the task.
with "low" endothelin (6-2 (3 9) v 9 0 (3 9) min; P = 001). When patients with left bundle branch block were excluded, the time to chest pain in patients with high and low endothelin levels was 6-2 (4 0) and 8-7 (3 9) min respectively, P = 0 04). Total exercise duration was similar in both groups.
Thallium-201 scintigraphy Fourteen patients had one or more fixed defects and 16 had one or more reversible defects. Of these, seven had a combination of fixed and reversible 201TI perfusion abnormalities. Plasma endothelin was higher in patients with reversible defects but the difference did not reach significance (4-06 (1.10) v 3 49 (1 13), P = 0<13) (fig 2) . There was no significant difference in the concentration of plasma endothelin in patients with or without fixed defects (1-05) and 3-75 (1P21) respectively).
Using the same cut off (3-59 pg/ml) to define "high" and "low" endothelin groups there was no correlation between the proportion of patients with fixed defects and those with reversible defects. angiograms.
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